Proteins related to the human transcription factor Sp1 are characterized by the presence of a highly conserved zinc finger domain consisting of three C2H2 type zinc fingers. Here we describe two Xenopus laevis cDNAs, which encode novel Sp1-related C2H2 type zinc finger transcription factors named XSPR-1 and XSPR-2. Structurally, XSPR-1 and XSPR-2 are closely related to the murine Sp5, which interacts genetically with Brachyury (Dev. Biol. 227 (2000) 358). XSPR-1 and XSPR-2 are expressed in broad and dynamic patterns during early development. Starting at gastrulation, XSPR-1 transcripts are restricted to the non-involuting marginal zone, and, at later stages, to the neuroectoderm, forebrain, otic vesicles and the midbrain/hindbrain boundary. In contrast, XSPR-2 expression is found predominantly within the presumptive mesoderm during gastrulation. At tailbud and tadpole stages, XSPR-2 is expressed exclusively in the tip of the tail. q
Results and discussion
The ubiquitously expressed Sp1 protein is a founding member of the family of transcription factors with a highly homologous DNA binding domain consisting of three C2H2 type zinc fingers at the C-terminus that bind to the GC-rich promoter sequences (Dynan and Tjian, 1983; Kadonaga et al., 1987) . During the last few years several zinc finger proteins of the same family have been identified in vertebrates and Drosophila, all of which are characterized by the presence of a highly conserved zinc finger domain (Harrison et al., 2000; Treichel et al., 2001; Scohy et al., 2000; Wimmer et al., 1993; Wimmer et al., 1996 ; reviewed in Philipsen and Suske, 1999) .
Vertebrate Sp1-like zinc finger transcription factors are expressed in diverse patterns during development. In contrast to the ubiquitously expressed Sp1 (Saffer et al., 1991) , expression of Sp4 during early mouse development is mostly restricted to the central nervous system (CNS), but it is also detectable in epithelial tissues, in the hypothalamic region, developing liver, testes and teeth (Supp et al., 1996) . Mutation of murine Sp4 by gene targeting indicates that it is required for normal growth, postnatal survival and male fertility (Supp et al., 1996) . A recently described mouse gene, Sp5, exhibits restricted expression throughout development (Harrison et al., 2000; Treichel et al., 2001) . Sp5 is expressed in the primitive streak during gastrulation, and later its expression is confined to the developing CNS, somites and pharyngeal region (Harrison et al., 2000; Treichel et al., 2001) . Although mice homozygous for a null mutation in the Sp5 gene show no developmental abnormalities, the enhancement of the T phenotype in Sp5 double mutant mice (Sp5lacZ/Sp5lacZ, T/1) indicates a genetic interaction between Sp5 and Brachyury (Harrison et al., 2000) . Inactivation of mouse EKLF (erythroid Kruppellike factor), another member of the Sp1 family, which is specifically expressed in erythroid cells, leads to embryonic death due to severe anemia (Miller and Bieker, 1993; Nuez et al., 1995) . These findings indicate that members of the Sp1 protein family play important regulatory roles during embryogenesis of vertebrate embryos.
In Xenopus, only one Sp1-like transcription factor, BTEB, has been isolated and characterized as an early thyroid hormone responsive gene in the tadpole CNS (Brown et al., 1996) , but its function has not been defined. Here, we describe the cloning and the pattern of expression of XSPR-1 and XSPR-2, two novel members of the Sp1 family of zinc finger transcription regulators in Xenopus. Frames show the zinc finger domain and the btd box. The cysteine and histidine residues of the Cys2-His2 motif are shown in red. Sequences are taken from (Kadonaga et al., 1987) , Sp1; (Kingsley and Winoto, 1992) , Sp2 and Sp3; (Hagen et al., 1992 ), Sp4; (Harrison et al., 2000) , Sp5; (Wimmer et al., 1993) , BTD; (Imataka et al., 1992) , BTEB1; (Brown et al., 1996) , XBTEB; (Subramaniam et al., 1995) , TIEG1; (Cook et al., 1998), TIEG2 and (Miller and Bieker, 1993) , EKLF.
Identification and structural characterization of novel Sp1-related genes from Xenopus
To identify novel members of the Sp1 family in Xenopus, we used polymerase chain reaction (PCR) with degenerate oligonucleotide primers corresponding to the zinc finger region of human Sp1 (see Section 2). Screening of a stage 32 Xenopus head cDNA library using a PCR based strategy (Israel, 1993) resulted in the isolation of two cDNA clones, 3118 and 1793 bp in length, respectively. These cDNAs, which were named XSPR-1 and XSPR-2 (Xenopus Sp1 related), contain open reading frames corresponding to 373 and 278 amino acid long zinc finger proteins (GeneBank Accession Nos. AY062264 and AY062263, respectively) with in frame stop codons preceding the putative initiator methionines and polyadenylation signals upstream of poly(A) tails at their 3 0 ends. A BLAST search for similarity to known non-mouse and non-human EST sequences reveals that XSPR-2 is overlapping with the partial Xenopus cDNA clone AW200583 (WashU Xenopus EST project). In addition, XSPR-2 exhibits 96% nucleotide sequence identity to the partial cDNA clone AI031416, which has been identified in a large-scale gene expression screen and was described as a Xenopus Sp4-related transcription factor (Gawantka et al., 1998) . XSPR-1 and XSPR-2 both contain a cluster of three Cterminal C2H2 type zinc fingers characteristic of Sp1-related transcription factors. Sequence alignment reveals that the zinc finger clusters of XSPR-1 and XSPR-2 are most closely related to the one of murine Sp5 (Harrison et al., 2000) (93 and 89% sequence identity, respectively) (Fig.  1C) . The zinc finger domains of XSPR-1 and XSPR-2 show only 81% sequence identity to the same region of human Sp1 (Fig. 1C) . Furthermore, XSPR-1 and XSPR-2 share an 11 amino-acid motif, located N-terminally to the zinc finger domain. This motif, known as the 'btd-box', is also present in Drosophila BTD (Wimmer et al., 1993) , as well as in mammalian Sp1 to Sp4 (Supp et al., 1996) (Fig. 1B, C) . XSPR-1 and XSPR-2 share 73 and 55% overall sequence identity with the Sp5 protein, respectively, but lack the stretches enriched in proline and alanine residues which are characteristic for Sp5 (Fig. 1A, B) . Otherwise, no significant sequence identity to other Sp1-type proteins was detected.
Temporal and spatial expression characteristics of XSPR-1 and XSPR-2
Temporal and spatial expression characteristics of XSPR-1 and XSPR-2 during early Xenopus development were analyzed using reverse transcriptase PCR (RT-PCR) and in situ hybrydization. RT-PCR analysis reveals that XSPR-1 begins to be expressed after the onset of zygotic transcription at the midblastula transition (stage 9, Fig. 2A) . A slight increase in XSPR-1 mRNA is observed during late gastrula and neurula stages (stages 12.5-15) ( Fig. 2A) . Similar to XSPR-1, XSPR-2 transcripts become detectable after the midblastula transition (stage 9). The level of XSPR-2 transcript reaches a maximum during gastrulation (stages 10.5-12.5) and neurulation (stages 13-15) and declines somewhat at tailbud stage (stage 26) ( Fig. 2A) . In adult tissues XSPR-1 and XSPR-2 transcripts are primarily detected in testis and brain; XSPR-2 transcripts are also found in heart, kidney and liver, although at lower levels (Fig. 2B) .
Whole-mount in situ hybridization revealed clearly distinct expression patterns of XSPR-1 and XSPR-2. XSPR-1 encoding mRNA is detected on the dorsal side at stage 11.5 within the non-involuting marginal zone, excluding the dorsal region (Fig. 3A) . Parasagittal sections of embryos at stage 11.5 show XSPR-1 staining in the epithe- Fig. 2 . Expression of XSPR-1 and XSPR-2 during embryogenesis and in adult tissues as detected by RT-PCR. The expression of XSPR-1 and XSPR-2 was monitored by RT-PCR using histone H4 as an internal control at various stages of Xenopus development (A) and in adult tissues and organs (B) using primers specific for XSPR-1, XSPR-2 or histone H4. Fig. 3 . XSPR-1 and XSPR-2 expression during early embryogenesis as detected by whole-mount in situ hybridization. Antisense RNA probes used for in situ hybridization and stages of embryogenesis (Nieuwkoop and Faber, 1967) are shown on the right and on the left of each panel, respectively. (A,C,E,G) Vegetal view; (B,D,F,H) parasagittal section; (C,D) double staining in situ hybridization of Xbra (red) with XSPR-1 (purple); (D) parasagittal section of the embryo shown in (C); (G,H) double staining in situ hybridization of Xbra (red) with XSPR-2 (purple); (H) parasagittal section of the embryo shown in (G); (I) double staining in situ hybridization of Krox20 (red) with XSPR-1 (purple), anterior view; (J) anterior transversal section; (K) double staining in situ hybridization of En2 (red) with XSPR-1 (purple), anterior view; (L) lateral view of the head of a tadpole embryo; (M) double staining in situ hybridization of Krox20 (red) with XSPR-2 (purple), dorso-anterior view; (N) XSPR-2, posterior transversal section; (O) double staining in situ hybridization of En2 (red) with XSPR-2 (purple), dorso-anterior view; (P) lateral view of a tadpole embryo; (Q) transversal section at the level of the otic vesicle; (R) transversal section at the level of the midbrain/hindbrain boundary; (S) parasagittal section through the tail tip region. Abbreviations: aet, archenteron; bc, blastocoel; br, blastocoel roof; cnh, chordaneural hinge; end, endoderm; ep, epidermis; ev, eye vesicle; eym, endodermal yolk mass; fb, forebrain; lm, lateral mesoderm; mbh, midbrain/hindbrain boundary; mc, mesencephalon; nc, notochord; nec, neuroenteric canal; ov, otic vesicle; pw, posterior wall; rb, remnants of blastocoel; rc, rhombencephalon; rv, rhombencephalic ventricle; s, somites; sln, sensorial layer of neuroectoderm; sm, somitogenic mesoderm; vym, vegetal yolk mass. lial and subepithelial layers (Fig. 3B) . In contrast, XSPR-2 expression is found mainly within the presumptive mesoderm of the involuting marginal zone, with the notable exception of the dorsal midline (Fig. 3E, F) . Double staining whole-mount in situ hybridization analysis further reveals that the XSPR-1 expression domain is directly adjacent to and non-overlapping with the Xbra positive area, whereas XSPR-2 and Xbra transcripts co-localize in the marginal zone, with the exception of a stripe of involuting dorsal cells expressing Xbra only (Fig. 3C, G) . However, the expression domain of XSPR-2 appears to be wider than that of Xbra (Fig. 3E, G) . Parasagittal sections at this stage clearly reveal cells co-expressing Xbra and XSPR-2 (dark magenta stain), whereas XSPR-1 and Xbra expression domains are non-overlapping (purple and red stain, respectively) (Fig. 3H, D) .
During neurula stages, Xenopus SPR-1 and SPR-2 continue to be differentially expressed. XSPR-1 transcripts are found in two transverse stripes in the anterior neural plate and at the outer margin of the neural plate (Fig. 3I) . Double in situ hybridization of neurula and tadpole stage embryos shows that the anterior stripes of XSPR-1 and the midbrain/ hindbrain boundary marker En2 co-localize (HemmatiBrivanlou et al., 1991) (Fig. 3K and data not shown) . Anterior transversal section at stage 16 shows that XSPR-1 is expressed in both the superficial and deep layers of the neuroectoderm (Fig. 3J ). Double labeling with XSPR-1 and Krox20 probes at stage 16 showed that expression domains of Krox20, corresponding to the prospective rhombomeres 3 and 5 (Bradley et al., 1993) , are positioned posterior to the stripes of XSPR-1 (Fig. 3I) . The expression pattern of XSPR-1 is clearly different from the one of XSPR-2; in neurula stage embryos XSPR-2 is found in two longitudinal stripes along the neural folds, two transversal anterior stripes and another domain in the posterior mesoderm (Fig. 3M, N) . Posterior transversal section at the stage 16 shows that the staining is restricted to the sensorial layer of the neuroectoderm, notochord and lateral plate mesoderm (Fig. 3N) . At tailbud and tadpole stages of development, XSPR-1 expression is observed in the forebrain, otic vesicles and at the midbrain/ hindbrain boundary (Fig. 3L) . Transversal sections of a stage 32 embryo at the level of the hindbrain show that XSPR-1 transcripts are present in the dorsal region of the otic vesicle (Fig. 3Q) . In contrast, XSPR-2 is not expressed in the head region at tailbud and tadpole stages, but exclusively in the tip of the tail (Fig. 3P ). Fig. 3S shows that XSPR-2 expression is restricted to the chordoneural hinge and to the posterior wall of the tip of the tail.
In summary, XSPR-1 and XSPR-2 are differentially expressed during all stages of development analyzed.
The murine Sp5 is expressed in the primitive streak, notochord and in the tailbud (Harrison et al., 2000) . During gastrulation in Xenopus, XSPR-2 transcripts are found within the marginal zone and, by tadpole stage, in the tip of the tale. Unlike Sp5, which is expressed in the developing notochord of the mouse embryo, during gastrulation XSPR-2 is absent from the dorsal midline which corresponds to presumptive notochord. Both XSPR-1 and Sp5 are expressed at the midbrain/hindbrain boundary during later stages of development. Thus, both Xenopus SPR-1 and SPR-2 recapitulate different aspects of Sp5 expression in the mouse.
Experimental procedures

cDNA library screening
To identify novel members of the Sp1 family in Xenopus, we used PCR on a lZap Xenopus stage 32 head cDNA library (Hollemann et al., 1998a) with degenerate oligonucleotide primers, corresponding to the zinc finger region of human Sp1. The PCR products were cloned into pBluescriptII KS (Stratagene) and sequenced. Screening of the cDNA library was done as described (Israel, 1993) using specific oligonucleotide primers, derived from corresponding sequenced PCR products. The following primer oligonucleotides were used: XSPR-1, 1793 bp in length, pBK-CMV/XSPR-1 and pBK-CMV/ XSPR-2, respectively, were isolated and sequenced from both ends using Taq dye terminator cycle sequencing (Applied Biosystems).
Embryo manipulation, in situ hybridization and vibratome sectioning
Fertilization and embryo culture were performed according to standard methods. Whole-mount in situ hybridization was carried out essentially as described (Harland, 1991) . Double staining in situ hybridization was performed as described (Bellefroid et al., 1996) . The following constructs were used for preparation of antisense RNA probes: Xbra (Cunliffe and Smith, 1992) ; En2 (Hemmati-Brivanlou et al., 1991); Krox20 (Bradley et al., 1993) . The XSPR-1 antisense RNA was transcribed from pBSSp1T3/597(2-3)-2, containing 803-1927 bp fragment of XSPR-1 (NotI, T3). The XSPR-2 antisense probe was generated from pGEM-T XSPR-2, containing coding sequence of XSPR-2 (NotI, T7). Vibratome sectioning of embryos stained by in situ hybridization was performed as described .
RNA isolation and RT-PCR
Total RNA from embryos and tissues was isolated with phenol/chloroform extraction and LiCl precipitation as previously described (Doring and Stick, 1990) . RT-PCR was performed essentially as described (Hollemann et al., 1998b) . The following primer oligonucleotides were used: 
